Cell-surface galactosyltransferase was studied in suspensions of intact baby hamster kidney fibroblasts with both endogenous and exogenous glycoprotein acceptors. The cell-surface location of galactosyltransferase was demonstrated in experiments with the enzyme modifier a-lactalbumin, which does not enter the cell. The addition of a-lactalbumin to the assay medium for galactosyltransferase resulted in adcumulation of lactose in the medium but not in the cells. There was no detectable hydrolysis of UDP-galactose to free galactose by these cells, nor did a 100-fold molar excess of free galactose inhibit cell-surface galactosyltransferase. There was a marked increase in specific activity of cell-surface exogenous galactosyltransferase in serum-stimulated as compared to resting fibroblasts. Dividing but not resting fibroblasts released galactosyltransferase, but not sialyl-or fucosyltransferase, in soluble form into the tissue culture medium. The release of galactosyltransferase was greater from virally transformed than from nontransformed fibroblasts. Glycosyltransferases are a family of membrane-associated enzymes found primarily in the smooth endoplasmic reticulum and Golgi apparatus that catalyze transfer of monosaccharide residues from nucleotide sugars to incomplete acceptor glycoproteins. A number of recent studies have demonstrated that these enzymes are also present on the plasma membrane of various mammalian cells, where they may mediate cell-to-cell adhesion or recognition (1, 2). Cell-surface glucosyltransferase has been demonstrated on human platelets and evidence has been presented from several laboratories (3, 4) that this enzyme may be directly involved in platelet-collagen adhesion, an important first step in blood coagulation. Roth and White (5) (7) have also suggested that the apparent surface transferase activity of whole cell suspensions may reflect intracellular glycosylation or secretion of soluble glycosyltransferases into the incubation medium. However, the bulk of experimental evidence supports the localization of glycosyltransferases to the plasma membrane as well as internal membranes (8).
broblasts. Dividing but not resting fibroblasts released galactosyltransferase, but not sialyl-or fucosyltransferase, in soluble form into the tissue culture medium. The release of galactosyltransferase was greater from virally transformed than from nontransformed fibroblasts. Glycosyltransferases are a family of membrane-associated enzymes found primarily in the smooth endoplasmic reticulum and Golgi apparatus that catalyze transfer of monosaccharide residues from nucleotide sugars to incomplete acceptor glycoproteins. A number of recent studies have demonstrated that these enzymes are also present on the plasma membrane of various mammalian cells, where they may mediate cell-to-cell adhesion or recognition (1, 2) . Cell-surface glucosyltransferase has been demonstrated on human platelets and evidence has been presented from several laboratories (3, 4) that this enzyme may be directly involved in platelet-collagen adhesion, an important first step in blood coagulation. Roth and White (5) have suggested that surface galactosyltransferase on mouse 3T3 cells may glycosylate receptors on adjacent cells after intercellular contact is made and that this transglycosylation may be important in contact inhibition of growth. Others have questioned the interpretation that glycosyltransferases measured in whole cell suspensions reflect cell-surface enzyme activity. Deppert et al. (6) observed hydrolysis of nucleotide sugars by suspensions of intact baby hamster kidney (BHK) cells with subsequent uptake of the labeled sugar and intracellular glycosylation. Keenan and Morre (7) have also suggested that the apparent surface transferase activity of whole cell suspensions may reflect intracellular glycosylation or secretion of soluble glycosyltransferases into the incubation medium. However, the bulk of experimental evidence supports the localization of glycosyltransferases to the plasma membrane as well as internal membranes (8) .
In previous work from this laboratory (9) a correlation was observed between surface galactosyltransferase and concanavalin A agglutination in various normal and malignant mammalian cells. We also demonstrated a significant increase in cell-surface galactosyltransferase on lectin-transformed thymic lymphocytes compared to resting lymphocytes (10) . In the current study, the relationship between cell-surface galactosyltransferase and cell division was explored in serum-stimulated NIL and BHK/C13 fibroblasts and their polyomatransformed counterparts. Rapidly dividing fibroblasts have increased levels of cell-surface galactosyltransferases, and release a soluble form of galactosyltransferase into the tissue culture medium. Hydrolysis of UDP-Galactose. UDP-galactose hydrolysis to free galactose by BHK cells was measured by the method of Deppert et al. (6) . At the end of the 30 min incubation for assay of galactosyltransferase activity, the incubation medium was centrifuged at 1000 rpm for 10 min. Aliquots of the cell-free incubation media and authentic standards of galactose and UDP-galactose were subjected to descending paper chromatography on Whatman no. 1 paper in ethyl acetate/pyridine/ water 12:5:4 (vol/vol) for 16 hr to separate UDP-galactose and galactose. The dried paper was cut into 1 cm strips and eluted for 24 hr in 1.0 ml of water, and its radioactivity was measured in 10 ml of Bray's solution (15) .
MATERIALS AND METHODS

RESULTS
Surface glycosyltransferase enzymes
It has been previously shown that the presence of a-lactalbumin alters the substrate specificity of galactosyltransferase, such that it leads to the combination of glucose and galactose to form lactose (16) , while in the absence of a-lactalbumin glucose is not a substrate for the enzyme. As shown in Table 1 Addition of fetal calf serum to quiescent calls in 0.5% serum was associated with a significant increase in activity of cellsurface galactosyltransferase (Fig. 1) (Fig. 2) . NIL cells in 0.5% fetal calf serum did not divide and the cultures were not maintained past 4 days due to poor survival in low serum concentrations. The NIL and NIL/Py cells in 10% fetal calf serum continued to divide during the 7 days of the experiment, and the cell number increased approximately 3-fold. Contact inhibition of growth is not observed under these conditions because of the large surface area of the roller bottles. A progressive accumulation of galactosyltransferase activity in the medium was noted from day 1 to day 7 (Fig. 2) . The nondividing NIL cells in 0.5% serum released only very small amounts of the enzyme into the medium. The galactosyltransferase activity in conditioned cell-free medium was measured as exogenous activity with fetuin from which sialic acid and galactose had been removed; no endogenous enzyme activity could be detected in the medium.
The amount of galactosyltransferase released into the medium was greater with the NIL/Py than with the NIL cells (Fig.  3 ). NIL and NIL/Py cells were subeultured in medium containing 10% fetal calf serum and aliquots of medium were removed at intervals for measurement of galactosyltransferase. Cells were also harvested and counted from duplicate plates in order to obtain an accurate cell count. 
The release of galactosyltransferase from intact, dividing fibroblasts in culture is in contrast to observations of other glycosyltransferases. Neither fucosyltransferase activity, using either lactose or desialylated orosomucoid, nor sialyltransferase activity, using desialylated fetuin as acceptor, could be detected in media from these experiments. Another membrane-bound enzyme, alkaline phosphatase, was also not detected in the medium. In order to determine if the galactosyltransferase activity in the medium was bound to a membrane fragment or was soluble, samples of conditioned medium with high galactosyltransferase activity were centrifuged at 200,000 X g for 2 hr. More than 99% of the enzyme activity remained in the supernatant fraction, indicating that the enzyme was not associated with a membrane fragment that would be sedimented under these conditions.
DISCUSSION
We have shown that suspensions of fibroblasts have galactosyltransferase activity using endogenous and exogenous acceptors. Several observations support the claim that this enzyme is located on the external surface of the plasma membrane. (i) The addition of a-lactalbumin modified the galactosyltransferase of the fibroblast cell surface and caused formation of lactose that accumulated in the assay medium, but not within the cells. This would not occur if the enzyme catalyzing this reaction were intracellular, because a-lactalbumin will not enter the cell and would therefore, not alter the substrate specificity.
(ii) Addition of free galactose to the assay system for galactosyltransferase did not significantly reduce galactosyltransferase activity. An excess of free galactose would be expected to inhibit this activity if the enzyme activity being measured were intracellular and were dependent upon hydrolysis of UDP-galactose to form galactose.
Our results are in basic agreement with the recently published studies of Patt and Grimes (18) showing active cell-surface glycosyltransferases on BHK cells. Both suspensions and monolayers of these fibroblasts had transferase activity with exogenous acceptors, while cells in monolayers could glycosylate only endogenous acceptors. As in the current study, these investigators were also unable to demonstrate significant extracellular hydrolysis of nucleotide sugar substrates as shown previously by Deppert et al. (6) . Although Keenan and Morre (7) have challenged the existence of cell-surface glycosyltransferases, there is significant evidence from this and other studies (8) to support the concept that these enzymes do exist on the outer surface of the plasma membrane and are capable of glycosylating extracellular glycoprotein acceptors.
In the present study, surface galactosyltransferases of cultured fibroblasts have been shown to be markedly increased during stimulation of growth and cell division after addition of serum to resting cultures. Previous studies of serum stimulation of fibroblast growth have shown that untransformed cells rapidly enter S phase after addition of serum, and undergo mitosis beginning at 20-30 hr (19) . The data reported here suggest that addition of serum to resting fibroblasts is accompanied by an increase in the specific activity of cell-surface galactosyltransferase, which presumably occurs as the cells enter S phase.
A similar increase of surface galactosyltransferase has been observed by Weiser (14) in dividing intestinal crypt cells as compared to nondividing villus cells. We have also shown that surface galactosyltransferase of rat lymphocytes is markedly increased during in vitro blast transformation induced by concanavalin A (10) . Elevation of surface glycosyltransferase during S phase has also been demonstrated by Bosmann (20) (2) , but they did not study the effect of serum or viral transformation on release.
The mechanism of solubilization of this normally membrane-bound enzyme is not known. The galactosyltransferase in the medium did not appear to be associated with a particulate fraction, as evidenced by the observation that 99% or more of the enzyme activity remained in the 200,000 X g supernatant. It seems unlikely, therefore, that under these conditions membrane fragments are shed from the cell surface or that the medium galactosyltransferase is membrane bound. The absence of sialyl-and fucosyltransferase and the lack of an endogenous acceptor for galactosyltransferase activity in the tissue culture medium indicate that galactosyltransferase, but apparently not other glycosyltransferases, are solubilized and released. It is possible that proteolytic enzymes in the fetal calf serum or from the cells themselves are involved in the solubilization of surface membrane galactosyltransferase. It has been demonstrated that treatment of virally transformed cells with protease inhibitors causes cessation of growth at saturation densities, a phenomenon usually associated with nontransformed cells (24) . This observation suggests that transformed cells produce a proteolytic activity that is essential for continuation of growth after confluence is attained.
Weiser et al. recently reported that a soluble isoenzyme of galactosyltransferase can be detected in the sera of patients with a variety of malignancies, but only rarely in control sera (25) . This isoenzyme has also been detected in the sera of tumorbearing animals, and appears to be shed from the surface of the tumor cells (26) . Our demonstration of soluble galactosyltransferase from nontransformed fibroblasts and the previous reports that this enzyme appears in soluble form in human (27) and rat (28) 
